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PREFACE

This paper was originally presented at the Seventh AXP Tripartite
Conference, U, S. Naval Ordnance Laboretory, White Qak, Maryland in April,
1956. Subsequently, D. J. Hinz of the Ballistic Research Laboratories has
obtained additional data which appear to corroborate statements made in

the paper. A brief discussion of his results is included as zn Addendum.
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BALLISTIC RESEARCH LABORATORIES

MEMORANDUM REPORT NO, 1019

BFArmendt/JSperrazza/plg
Aberdeen Proving Ground, Md.
July 1956

ATR BLAST MEASUREMENTS AROUND MOVING EXPLOSIVE CHARGES, PART III (U)

ABSTRACT

Air blast measurements have been made around 3/8 pound bare spherical
charges detonated while moviig at supersonic velocity. Experimental peak
pressure data are presented and are compared to a theory based on the law
of conservation of momentum. Agreement between the theory and experiment
appears to be satlsfactory. The conclusion, based on this theory, is that
the velocity effect will probably be of more significance for relatively
small charge weights, and/or at high altitudes.
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INTRODUCTION

Since most warheads containing high explosive are in motion at the
instant of detonation, 1t is of interest to study the effect of this motion
on the air blast produced by the weapon., This "velocity effect" was first
noticed during aircraft vulnerability firings in the United States and Creat
Britain, and also during Swiss firing trials (1) of 20mm Oerlikon ammunition
against box structures. It appeared that the detonating shells caused an
increased amount of damage in the direction of motion, and a decreased
amount’ in the opposite direction. Various explanations of the velocity
effect have been sdvanced (2,3,4) but evaluation of these theories required
quantitative data. Thefefore, in 1952 experiments were begun at the
Ballistic Research Laboratories for the purpose of providing these data.

It was felt that the data could be obtalned directly by

1. projecting an explosive at a degired terminal velocity,
2, detonating the explosive at a desired position in space, and
B measuring the blast around the detonation.

Early work was performed by Patterson and Wenig (5), who, after great diffi-
culty, succeeded in projecting a bare sphere of explosive at sﬁpersonic
velocity and detonating it in flight, thus forming the basic experimental.
procedure which hag since been used in all moving charge experiments at the
Ballistic Research Laboratories. Unfortunately, the air blast data obtained
at that time was only qualitative, because of the state of development of the
instrumentation. The experiments were continued in 1954 by Armendt (6) with
only minor modifications. in procedure, and resulted in the collection of
samewhat better data, but still insufficient to establish any rigorous theory.
Further experiments have been conducted and have led to the establishment of
a theory by which the behavior of the shock wave produced by the detonation
of ajmg#ing charge may be explained in part.



EXPERIMENTAL PROCEDURE
Projection of the Charge

The first step in the construction of the moving charge experiments
was to chooge the type and size of charge and to find some means of projecting
-1t at high velocity. Since even & light metal case on the charge produces
fragments of a size and velocity sufficient to interfere with air blast
| measurements, it was decided to use a bare charge. Because of the symmetry
of shock waves produced by spherical charges, a spherical shape was chosen,
A number of devices for projecting the charge were suggested, but all were
abandoned in favor‘of a conventional cannon, The caliber, and therefore the
charge weight of 3/8 pound, was dictated by the large .surplus of 5Tmm guns.
The rifling was bored out, resulting in a smoothbore gun of bore diameter

2,293 inches. Charges were made to fit this bore with a small clearance.

Having settled on the 57mm smoothbore gun and the 3/8 pound bare
spherical charge, the problem remained to project the charge from the gun.
After a great deal of experimentation (5), Patterson succeeded in projecting
3/8 pound, bare splieres of Composition B at a veloeity of abou# 1700 to 1900
feet per second. For this, he used a propellent charge of 8 ounces of type
5316 powder confined in an M23-A2 57mm brass caftridge cage, and a sgabot
consisting of 3 ounces of absorbent cotton in three separate wads. The
main problem was charge breakup, which occurred on about 40% of the shots.
.More recent work by Armendt (7) resulted in a lower percentage of charge
breakup, due to thé substitution of fiberglas-reinforced Pentolite for the
Composition B used:by Patterson. The reinforced Pentolite has been utilized

in all recent expéﬁimental work.

'Detonation of the dharge

After the chaﬁges had been successfully projected from the gun,
attention was turned to the problem of detonating the charges while in
flight and at a degired position. A number of schemes were tried and the
one finally settled upon is as follows. The charge is cast in a spherical
form with a cylindﬁical well extending into the charge about 2/3 of the



diameter. (See Figure 1.) In the bottom of the well is placed a tiny bit

of Composition C-3 and an M-18 tetryl booster to insure high order detonation.
Next comes an M-36 electyic detonator. Across the leads of the detonator is
placed a small coil made of number 28 copper wire wound on a short length of
iron rod. All spaces are carefully packed with Composition C-3% to prevent

'the setback forces, experienced upon firing, from dislodging any part. The
charges fuzed in thié manner are fired from the gun through a screen wound

with number 4O copper wire. The screan is placed Jjust in front of a

étationary coil consigting of three turns of number 4 copper wire approximately
7-1/2 inches in diemeker. As the charge passes through the screen and into

the stationary coil, the wire screen is broken, triggering an electronic circuit
which causes a large condenser to be discharged through the stationary coil.

The resulting "pulsed" magnetic field induces a current in the small coil inside
the charge, which flows through the electric detonator and detonates the charge.
If the orientation of the small coil is unfavorable, insgufficient current may

be induced and the cherge may not fire.

Locating the Point of Detonaticn

Since the accuracy obtained with the smoothbore gun is not.particularly
good, and since the magnetic induction system of detonating the charge is not
perfect, the point at which detonation occurs will rarely be exactly at the
point desired. TIf the data are to be meaningful, it is necessary that the
point of detonation be located fairly accurately. Therefore, two cameras
equipped with l-microgecond electronic shutters were placed 90 degreeg apart
and 10 feet from the desired point of detonation. When the charge detonates;
a photocell device triggers the cameras, taking a picture of the luminous
shock wave. By triangulation, the position of the charge at the instant of
detonation can be located to within about 1/4 inch. A typical photograph
of the detonating charge is shown in Figure 2,

Messurement of Charge Velocity

The velocity with which the charge is projected is measured as follows.
After the charge leaves the muzzle of the gun and before it passes through
the gtationary coll where it 1s detonated, it passes through two wire screens
wound with number 40 copper wire placed about 8 feet apart. Breakage;of these

9
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screens starts and stpps an electronic counter chronograph, thus measuring
the time necessary to| traverse this interval, TFrom this measurement, the

average velocity over| the interval can be calculated.

Air Blast Measurements
In the earlier erk by Patterson and Wenig, end also by Armendt, the

peak pressure and'posﬁtive impulse of the shock wave produced by the

detonatioﬁ of the movﬁng charge were measured by five pancake-type side-on

pressure gages placed at different points around the detonating charge.

It became evident, hohever, that more instrumentation would be required if

useful data were to be obtained. Therefore, in recent experiments, a total

of twelve side-on pregsure gages, each gpanned by a pair of face-on "Velocity"_

gages, have heen usedL (See Figure 3.) The side-on gages were placed at a

distance of 2,71 feet?from the desired point of detonation, and at angles of

150, MBO, 750, 1050, 1350, and 1650 from the direction of motion of the charge.

The electrical output of each of these slde-on gages wag amplified and dis-

played on an oscilloscope. The face of the oscilloscope was photographed by

a gtreak camera in whﬁch the 35mm film was moving approximately 1.25 inches

per millisecond. Sui&able timing marks were also recorded on the film,

providing a time calibratioﬁ.

When the charge ﬁetonates, the initial burst of light from the luminous
shock wave is seen by, a photocell device which triggers the cameras, as was
previously mentioned.; This same photocell device also starts,.twelve electronic
counter‘chronographs.: When the shock wave from the detonating charge reaches
the first velocity gake at one of the twelve measuring positions, the chrono-
graph corresponding tb that position is stopped, giving & measure of the time
of arrival, and a secbnd counter chronograph is started. The shock wave
sweeps past the firstivelocity gage, over the side-on pressure gage and Tinailly
reaches the rear velokity gage which stops the second counter chronograph.

This gecond chronograbh has now measured the time necespary for the shock to
traverse the intervalibetween the weloclty gages, from which the average
shock velocity over Fhe interval can be calculated. Knowing the average
shock velocity, the'pbak pressure at the center of the interval can be

calculated by the Rankine-Hugoniot relation:

|
i
|
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H]

pesk excess pressure

atm&spheric'pressure

ratﬂb of specific heats for alr

shodk velocity

souﬁd velogity

Thus the 24 counter chroncgraphs, 24 velmofity gages, and the photocell device

meke up & system which can measure the shock arrival time, shock velacity,
and peak excess pressure at twelve locations around. the detonating charge.

li

il

Q < N 9 W
O m
I

]

DATA

Summaries,af thefexperimsntal data reported in referencés 5 and 6 are
repeated in Table I and IT under appropriate labels, More recent data have
been obtained with the experimental sgetup described sbove. For the purposes
of discussion, these date are separated inte two parts, the Time of Arrival
Data and the Peek Predsure Deta. | |

Time of Arrival Data

The time of arrival dste which were cbtained are shown. in Teble IIT.
It was hoped that thege data would tell whether the shock wave from a charge
detonated while moviné was distorted in any way, or remained spherical. The
analysis of the data ﬁraceeded as follows: it was noticed that, for a given
gage position; altho h the deviations in distance from the charge resulted
in considerable variali@n in the megswred time of arrival, the deviatioms in
angle did not. Therefore, the angular deviations wepe neglected, and the
nominal angias Ci.e., lso, k5°, ete. ) were used, This approximation is con-~
sldered satisfactory, land greatly simplifies the analysis,

- Over the amall intervals of distance involved, it'was,assuméd that
the shock velogity wa#Aaﬁnshanh,‘&nd therefore, linear least square fits
were made to the timé‘of arrival data.  The equations fergthese'least square
lines are also shown. in Table ITI, In order to determine the shape of the
shock wave, theée eqn%tiona vere solved for R ( distance from the charge)

| 1



using values of t (time of arrival) equal to 400, 550, and 700 microseconds.
The results are plotted in Figure 4.

It appeared that the points fell on a circle whosgse center was shifted
in the direction of motion of the charge. Because of the significance of
_this result, it was carefully checked by both analyﬁical and graphical
methods, but the answer was the same. Therefore, it can be said, that, with-
in the experimental error, the shock wave produced by the detonation of a
moving, spherical charge remains spherical, but that the center of the sphere

moves in the direction of motion of the charge prior to detonation.
Peak Pressure Datsa

The peak pressure data obtained from seven rounds are shown in Table
IV, under "Experimental Data for Moving Charges." The mean velocity of the
seven rounds was 1760 feet/second.

The positive impulse data obteined in the recent firings have not yet
been reduced, and therefore, no additional data on positive impulse will be
presented at this {time.

THEORY

Thornhill and Hetherington (3) predicted that, close to the surface
of a moving charge, the shock velocity, and thus inference of the pesk
pressure, could be approximated by vectorial addition of the shock velocity
for the stationary charge and the termlnal velocity of the moving charge.
Time of arrival measurements, discussed above, indicate that the same rule is
applicable to the expanded shock wave, 1f the velocity of the center is sub-
gtituted for the terminal velocity of the charge.

Since the radial velocity of shock waves from stationary charges has
been measured, it is seen that the position and velocity of the shock froht
could be described if the velocity of the center of the shock were known
as a function of time.

The velocity of the center of the shock wave at any timé can be
predicted by application of the principle of congervation of linear momentum.
Thus the momentum of the explosive prior to detonation is set equal to the
momentum of the explosion gases and air contained by the spherical shock, it

15
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being assumed that the average velocity of all the contained gases and alr
is that of the center of the sphere.

Let
M, = weight of explosive (1bs)
M, = weight of alr contained by the spherical shock (1os)
V, = terminal velocity of the explosive (£t/sec)
Vv, = velocity of center of shock wave (£t/sec)
d = radius of spherical shock wave (feet)
r = radius of spherical shock wave (charge radii)
a = charge radius (feet)
p, = Gensity of air (1bs/ft5)
P, = density of explosive'(lbs/ft5)

Neglecting the mass of alr displaced by the explosive charge, application of
the law of conservation of linear momentum gives:

_ - " 5
MV, = (Mé + Ma) v, = (ME tg e, a-') v, (1)
or Mg Vo ( |
V. = : la
¢ M.e + % s pa.d5
Since L g
M, = 3 " P o (2)

v, = °p. (3)

Therefore, at a time when the radius of the shock wave is equal to r, the
velocity of the center of the shock wave is given by equation (3). The dis-
tance that the center has traveled (in the direction of original charge
motion) fram the point of detonation at any time t is:

t

r, =Jﬁ v, dt. (4)

Q
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B

Referred to a st#tion&ry frame the shock velgeity on the surface of
the épherical shock wﬁve produced by the moving charge becomes (see Figure 5):

i21='ﬁl + vZ

-Where:

shoek velocity at distance r and angle fram line of flight 0
for moving charge.

shock velocity at distance r for stationary charge.

- o EC¢

angle from line of flight (referred to center of shock wave).
Once the shock velociffy is known, the peak Ppressure can be found.

Ordinafily, the distance r and angle ¢ from the center of the shock
wave are not known, agurements being made from the point of detonation.
(8ee Figure 6.) Theij
integration, Ty The;distancg and angle from the shock center can be found
by: '

fore, the quantities known are R and ©, and, by

R=r, cos @+ (r2 -_rc2 sin2 9)1/2 (5)

sin @ = % gin ©

Thus far, no‘simﬁle scheme has been found for scaling the various
parameters associated‘with the velocity effect, such ag altitude, charge
welght, charge velocity, ete. Therefore, rather lengthy computation is
necessary to obtain theoretical values of the peak pressure at various
points around a given point of detonation, since each cage must be considered
individually. These c¢alculations have bheen made for the conditions obtaining
for all of the experiﬁental peak pressure data shown in Teble IV. The results
are shown in Table IV under "Calculated Data for Moving Charges."

For the purpose of comparing the theory with the experiments, the
ratios of the theoretical peak pressures to the experimental peak pressures
have been taken, and ére also shown in Table IV. The mean value of the ratios
is .991 with a standard deviation of tHé individual of 11.5%. Examination
of these ratios has dlsclosed no systematic error, and it is concluded that
the theory adequately?approximates the experimental results.
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The positive im#ulse in the shock wave from a moving charge is known
to be enhanced in thé direction of charge motion (see Tebles I and II), but
no simple scheme fcr?prediction of the enhancement has been suggested. It
is hoped that recently obtained data, now in the process of being reduced,
will throw some light on the subject.

1

| | COMMENTS

The conclusion is that the theory advanced appears to predict the
effect of charge matibn tn the peak pressuwre in the. shock wave produced
when a moving‘spherichl charge is detonated. Furthermore, if this theory
i& correct, it is seen that the velocity effect would be of greater
glgnificance for rela&ively small charges. With nuclear warheads, for
example, the velocityieffect would be of little conseguence, simne at
the pesk pressure levéls Where'the velocity effect might cause some
enhancement of damage, the mass of air contained by the shock wave would
far outwelgh the original warhead. Only if the weapon were detonated
outside the atmosphere and/or if the warhead were moving at very high

veleeities would the velocity effect be even measurable.

A great deal of work remains to be done before the velocity effect
can be completely undérstoad. As previously mentloned, the behavior of
the positive impulse requires explanation. Befare the peak pressure theory
desceribed above can be considered as established, further experiments
utilizing higher charge velocities and greater charge weights are necessary.
High altitude expérimgnts are especially depirable, since it is expected
that the velocity effect wiill be of much greater significance for low
atwospheric pressures; In additdon, the effect of & metal caéing on the
velocity effect must be investigated, since warheads are ordinarily cased.

B, F. Asmendt

B. ¥. ARMENDT

i -
| &
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TABLE I
SUMMARY OF EXPERIMENTAL DATA FROM BRIM 767

2.36 feet from a %/8 pound bare, spherical Composition B charge

Charge Velocity 0 ft/sec 1982 fi/sec
| Angle from Line of Flight
15° 45° 105°
Peak Pressure (psi) 73 109 87 55
Positive Impulse (psi-ms) 7.8 1h.h 13.0 7.0

TABLE II
SUMMARY OF EXPERIMENTAL DATA FROM BRLM 900

2,71 feet from a 5/8 pound bare, spherical Composition B charge

Charge Velocity 0 ft/sec 1753 ft/sec
5 Angle from Line of Flight
_;50 450 1050
Peak Pressure (psi) 67.3 91.0 82.0 52.5
Positive Impulse (psi-ms) 8.i 10.2 9.8 7.9

2l



TABLE TIT
TIME OF ARRIVAL DATA

Type of charge - 3/8 pound bare, gpherical charges of fiberglas-reinforced
Pentolite

Mean velocity of charges - 1760 feet/second
Nominal angle from line of flight = 15°

Distance Arrivel Distance Arrival

Round - from Charge Time from Charge Time
~ No. _ (feet) (us) __(feet) (1s)
534 2.66 468.8 3,16 628.8
2.7 480.6 3,21 663.1
578 2.69 43,1 3.19 635.6
2.69 452.5 3,19 624 4
582 2.56 419.4 | 3,06 585.7
587 . 2.k 382.,5 2.95 563.8
588 ‘ . 2.73 L468.1 - -
590 2.p3 - 383.1 3.03 556.9
2.58 L28,1 3.08 606.2

Least square fit:
t, = 5171 + 388.2 (R - 2.846) t, = time of arrival (na)
: R = distance from charge (feet)

Nomfinel engle from line of flight = 45°

Distance Arrival ‘ Diatance Arrival
Round from Charge Time from Charge Time
No. (feet) (us). (feet) (us)

- 53h 2.69 48,1 : 3,19 686.2
549 2.80 470,0 3.%0 701, 3
578 2,62 477.5 3,12 676.3
582 .Q.EO‘ Lo2.5 3.00 . 58L .4
587 2.49 415.0 2.99 598.1

2.43 388.1 2.93 566.9
590 - 2.59 438.8 3.09 621.3

Least square fit:
t, = 536.0 + 378.?(3 - 2.837)

ez



TABLE III {continued)
Nominal angle from line of flight = 750

Distance Arrival Distance Arrival
Round from Charge Time from Charge Time
No. (feet) (us) (feet) (ps)
534 2,62 533,11 3,12 T48.7
549 2.57 406.9 2.87 57%.8
2,59 530.6 3.09 731.2
578 2.52 465.0 3,02 643, 1
2.5k YN e 3,04 661.3
582 2,45 HERLL 2.95 621.9
2,52 W66, 3 3,02 668.2
587 2.50 4Y57.5 3.00 655.0
2.42 421,53 2.92 623,2
588 2,69 516.9 3.19 T707.5
2.37 h19.4 2.87 591.3
590 2.ho 390, 6 2.90 581.9
2.57 478.8 3.07 676.9

Least square fit:
t, = 555.5 + 398.5 (R - 2.755)

Nominal angle from line of flight = 105O

Distance Arrival Distance Arrival
Round from Charge Time from Charge Time
No. (feet) () (feet) (us)
549 2,59 530.0 3,09 THT.5
578 2.40 Lhh7.5 2,90 65%3.,8
2.42 475.6 - -
582 2.47 500.0 - -
587 2.50 501.3 3,00 71k b
2.42 7..9 2.92 696.3
588 2,58 497.5 3,08 708.1
2,24 417.5 2,7h 611.3
590 2.35 4.5 - -
2,52 510.6 3,02 726.2

Least square fit:
t, = 568.1 + 403.6 (R - 2.662)

23



TABLE IIT (continusd)
Nominal angle fram line of flight = 135°

Léa.st square fit: ‘
t, = 57L.8 + 431.7 (R - 2.506)

2k

Distance Arrival Distance Arrival
Round from Charge Time - from Charge Time
No. (fegt) (ks) __(feet) (ps)
549 2.13 387.5 - -
578 2,351 466.9 - -
582 2,37 467.5 - 2,87 693.8
2.h2 511.2 - -
- 587 2.43 505.0 - -
588 2.43 475.0 - -
2.18 415.0 - -
590 2.46 507.5 - -
Least square fit;
b, = k92,2 + 599.? (R - 2.399)
]
Nominal angle from line of flight = 165°
Distance Arrival Distance Arrival
Round from Charge Time from Charge Time
No. _(feet) Aps) _(feet) (vs)
534 2.27 440.,0 2.77 ' 65%.8
549 . 2,85 Ls2,5 2.75 643.1
578 e.ga L67.5 2.73 673.8
_ - 2,24 476.3 - -
582 2,37 535.0 2.87 756.9
‘ 2,39 - 530,0 - -
587 2,48 560,0 2,98 791.3
2.45 - 538.1 - -
588 2,29 Y7L 4 : 2,79 676.3
: 2,19 439, 4 - -
590 2.25 493,8 2.85 TRk L
2,40 527.5 - -
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TABLE IV
EXTERTMENTAL DATA POR MOVIES CEARGES CALCULATED BACE FOR MOVILG CIARGES 0 TaRISCH
Trype of charge - j/E pound bare sphere of fibergless-reinforced Fentolite
Mean velocity of charge - 1760 feet/second
Ri. Atmospheric Atmospheric Angie from Distence Shock Peak Distence - Center Radial Skock ecretical o Czic. pesX TTescure
¥o. Tempgreture Pressure Zime of Flight from Charge Velocity Pressure frees Charge T c ¢ velceity (7.) veloeity Peak Tressure |o-ti® of TXF. peck precsure
(“F) {1in Hg) {degrees) {feet) (ft/seec) (ib/in®) | (cherge redfl) (charge radii} (charse rsdii} ({degrees) (snck Lo.) (rack Zc.) {psi)
534 52 29.820 12.0 2.91 325 18,3 30,4584 27.680% 2.6438 13.06 Nl 2,235 TEL2S
€5.8 2.6 2386 62.0 26,1034 27.3057 2.€20% Th.50 L0971 Z.8%31 b7
161.5 2.52 2389 56.7 26. 3764 25.935h 2.6855 1£3.18 LoE2s 2.1%32 f2.66
T1.1 2,87 23 57.5 30.0502 29.2665 2.8990 76.12 LOTST 2,1220 .02
43,2 2.9 2403 6.5 30,7934 25.8957 2. 56 1€.F5 .0F29 2.i52¢ 0%
15.7 2.96 27h0 87.9 30.9504 2E. 3G E 2.E64T i7.16 LBETO 2.1518 .07
sko h 29.83 10.0 2.95 26134 3.9 30,8457 2t.2828 2.60F1 10.91 2.2007
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mmmmwmmm - LATCULATED DATA FOR MOVILG CERRGES COMPARISON

Rd. Atmospherie XAimospheric Augle from Tistaice Shock Dagk Distanee T Lenter Radial Shock Thecreticel Ratfo of Calc. peek presesure
Fo. Tempersture Pressure Line of Flight from Charge VP_'chcit;!r Preg;r:{e from Charge r [ ¢ Velocity {‘l'c} Teloclty Peek Pressure o o Exp. peck poessure
°7 (in Hg) {degrees} {feet) {ft/sec] {I1b/in=) | (cherge redii)} ([chzrge reii!} [cherge redil) (degrees) {Hach %o.) {rack Fo.) {psi}
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T = rading of spherical shock weve. . ¥een .99l
r = distance thet center of shock wave ) Stendard
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¢ = angle fram line of flight with reference !
center of the shock weve instesd
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- ADDENDUM

In the section oh "Time of Arrival Data," page 14, the statement was
made that the shock'whve produced by the detonation .of & moving spherical
charge remains spherﬂcal, but the center of the sphere movés in the direction
of motion of the change prior to detonation., Thisg statement was supported by

- experimental data obteined with twenty-four time-of-arrival gages. Assuming
that the statement ié correct, & simple mathematical analysis was made (see
the section on "Theoﬁy" page 15.) BSuch a simple construction would not be
possible if the shock wave produced by the moving charge were distorted
(i.e., not spherical).

Since the original paper was presented at the Seventh AXP Tripartite |
Conference, addition?l information hag been obtained by D. J. Hinz, of the
Ballistic Research Lﬁboratories, using & photographic method. A spherical
charge of fiberglas-veinforced Pentolite was projected at approximately 1800
feet pe? second and detonated in flight as described under "Experimental
Procedure," page 8 .. The detonating charge was backlighted by means of an
exploding wire placed at the focus of a 10-foot parsbolic reflector. A
camersa facing in a dﬂrection normal to the line of flight and having a
one-microsecond elecﬁronic shutter was synchronized with the exploding wire,
and photographed thefexpanding shock wave. A sample photograph is shown in |
Figure 7, in which tHe shock wave has reached a dismeter of approxihﬁxely
58 inches. Close exsmination of the shock contour indicates that the shape
is either spheriecal, or very close to it, This informstion subsgtantiates

“the statement made in the original paper that the shock wave remains spherical.

The use of the above data, prior to publication by Mr. Hinz, is gratefully
acknowledged. ‘

28




UDTHOR B3IB)
JO UOTI0I]




Page intentionally blank

Page intentionally blank

Page intentionally blank

3



B

L '

No.

Copiles

10

DISTRTBUTION LIST

No. of
Organization

Chief of Ordnance 1

Department of the Army

Washington 25, D. C.

Attn: ORDIB - Bal Sec
ORDTA
ORDTU 1
ORDTX~AR

British Joint Services Mission

1800 X Street, NW

Weshington 6, D. C.

Attn: Mr. John Izzard, 5
Reports Officer

Of Interest To: Mr. G. Simm,R.A.E.

Canadian Army Staff
2450 Massachusetts Avenue
Washington 8, D. C.

Chief, Bureau of Ordnance 2
Department of the Navy

Washington 25, D. C.

Attn: Re0

Canmander 1
Naval Proving Ground
Dahlgren, Virglnis

Commander

Naval Ordnance Laboratory 3
White Osk

Silver Spring 19, Md.

Commander

Naval Ordnance Test Station
China Lake, California
Attn: Technical Library

Commander
Naval Air Development Center
Johnsville, Pennsylwvania

Chief, Bureau of Aeronautics
Department of the Navy
Washington 25, D. C.

Attn: Armament Division- 2 cys
Research Division 1 cy
Design Elements Div. 1 ¢y
Evaluation Div., 1 cy
Military Requirements Div.1l cy
Aircraft Division 1 cy
Power Plant Div. 1 cy

31

Copies

Organization

Chief of Naval Operations
Department of the Navy
Washington 25, D. C.

Attn: Op 374 - Dr. J. Steinhardt

Commanding Officer

Naval Ordnance Laboratory
Corona, California

Attn: Dr. H. A. Thomas

Chief of Staff
U. 8, Air Force
Washington 25, D. C.
Attan: AFDRD-AC 2 cys
DCS/0 - Operations Analysis
Division
AFDRQ

Director

Air University

Maxwell Air Force Base, Alabama
Attn: AUL-5946

Director of Research & Development
U. S. Air Force

Washington 25, D. C.

Attn: Armement Division(AFRDR-AR/1)

Cammander
Wright Air Development Center
Wright-Patterson Alr Force Base,
Onio
Attn: WCLGR-R

WCLDI

WCLSS-1

Commander

Air Technical Intelligence Center

Wright-Patterson Air Force Base

Ohio

Attn: Associated Equipment
Section, ATIAS

Director, Project RAND
Department of the Air Force
1700 Main Street

Santa Monica, California



No. of
Copies

1

DISTRIBUTION 'LIST

; o
Qrgaénization

Commander l.

Air Proving Ground
Fglin Air Force Base, Fla.
Attn: Director of Armament

Commsnder .
Air Force Armsment Center
Eglin Air Force Base, Fla.
Attn: ACQOTT

ACB

Commsnder ;
Continental Alyr Commend
Mitchell Air Force Base
New York

Canmander :
Air Defense Copmand
Ent Air Force Base, Colorade

Cammander «
Btrategic Air Command
Offutt Air Forice Base
Omaha, Nebraske

Coammander

Tactiecal Air Commsnd
Langley Air Force Bage
Langley Field, Virginia

Cammsander

Ailr Research & Development Command
P. 0. Box 1395

Baltimore 3, Maryland

Attn: RDTDAG

Director

Armed Services Technical
Informztion Agency

Documents Ser¥ice Center

Knott Bullding

Dayton 2, Ohiog

Attn: DSC-SD .

32

1

of

Copiles

oy

Organization

" P

Director
Netional Advisory Committee for
Aeronautics.
1512 H Street, NW
Washington 25, D. C.
Attn: Chief, Office of Aeronsutical
Intelligenee

‘ Director

Weapon Systems Evaluatlion Group
Office, Secretary of Defense
The Pentagon

Washington 25, D. C.

Commending Genersl
Picatinny Arsenal
Dover, New Jersey
Attny BSamuel Feltman Ammunition Labsa.

Cammanding General

Frankford Arsenal
Philadelphia 37; Pennsylvania
Attn: Reports Group

v

e

President
CONARC Board Ko. 4
Fort Bliss, Texas

Commandant
Antisdircraft & Gulded Missile Center
Fort Bliss,Texas

Army Ordnance Representative
. U. 8. Naval Ordnance Test Station

NOTS Annex
3202 E. Foothill Blvd.
Pasadena 8, California

Director

Operations Research Office
7100 Connecticut Avenue
Chevy Chase, Maryland
Washington 15, D. C.



L)

No. of
Copies

DISTRIBUTLON LIST

No. of
Organization Copies
Applied Physics Laboratory 1

Johns Hopkins University
8621 Georgia Avenue
Silver Spring, Maryland

THRU: Naval Inspector of Ordnance
Applied Physics Laboratory
Johns Hopking Uriversity
Silver Spring, Marylani

Aerojet-CGeneral Corporaticn
Azusa, California 1

THRU: District Chief
Los Angeleg Ordnance District
55 South Grand Avenue
Pasadena 2, California

Boeing Airplane Company
Wichita, Kansas
Attn: " Mr. W. A. Pearce 1

THRU: Air Porce Plant Representative
Boeing Airplane Company
Wichita, Kansas

Boeing Airplane Company

Seattle 14, Washington

Attn: Mr. J. Christian, 1
Armament Unlt

THRU: Air Force Plant Representative
Boeing Alrplsane Company
Seattle, Washiaghton

CONVAIR
Division of General Dynamics
Corporation
P. 0. Box 1950 1
San Diego 12, California
Attn: Mr., A. Bernstein,
Chief, Systems Analysis

CONVAIR

Division of General Dynamics Corp.

Fort Worth 1, Texas

Attn: Mr. R. C. Chase
Aerophysics Group Engineer

THRU:; Air Force Plant Representative
CONVAIR
P. 0. Box 371
Fort Worth 1, Texas

Organization

Chance-Vought Aircraft, Inc.
P. 0. Box 5907

Dallas, Texas

Attn: Dr. C. C. Wan

THRY: Bureau of Aeronautics Rep.
Naval Industrial Reserve
Plant Aeronautics
P. 0. Box 5907
Dallas, Texas

Cornell Aeronawtical Laboratory, Inc.
LUSS Genesee Street
Buffalo 21, New York

THRU: Bureau of Aeronautics Rep.
Cornell Aeronautical Lab, Inc.
P. 0. Box 235
Buffalo 21, New York

Denver Research Institute
University of Denver
Denver 10, Colorado

THRU: Office Naval Research Rep.
University of Kansas
Lawrence, Kansas

Douglas Aviation Corporation
Long Beach, California
Attn: Mr. K. Kotter

THRU: Air Force Plant Rep.
Douglas Aircraft Corporation
3855 Lakewood Blvd.
P. 0. Box 200
Long Beach 1, Californias

Director of Stetistical Laboratory
Purdue University
Tafayette, Indiana
Attn: Dr. Kossach

THRU: District Chief
Chicago Ordnance Distrilct
209 W. Jackson Blvd.
Chicago 6, Illinais



NO‘. Gf
Copies
1

DISTRIBUTION LIST

Ho. of
Organizatgan Copiles
Glenn L. Martih'CGmpany 1
Middle River

Baltimore 3, Meryland
Attn: Mr. S. L. Rosing,
Mail No. 356

Bureau of Aeronautics Rep.
Glenn L. Martin Company
Baltimore 3, Maryland

THRU:

Grupman Aircrakt Corporation
Bethpage, Long Island, New York
Attn: Armament Group

THRU;: Bureau bf Aeronautics Rep.
Grumman| Aircraft Engineering
Corpolration

Bethpagk, Long Island, New York

Hughes Airecraft Company 1
Culver City, California.

Attn: Mr. Dana Johngon

Researcp & Development Labs.
Air ForgirPlant Rep., WEAPD
Hughes craft Company
Florence Ave at Teal St.
Culver City, Californis

THRU:

1
Institute for Cooperative Research
Johns . Hopiging University, Project THOR
3506 Greenway

Baltimore 2, Maryland

THRU: Deputy Distriet Chief
Baltimore Regionel Office
of the Phila Ord District
Main Pogt Office
Baltimore 1, Maryland

Lockheed Aircrhft Corporation
Militery Operations Research Div. 1
Burbank, Califprnia

Attn: Mr. R. A, Bailey, Div. Engineer

THRU: Air Forte Plant Rep., WEAFD
- Factoryl A
Lockheef Aircraft Corporation
Burbank, Californis

|

|

3k

Organization

L

McDonnell Aircraft Corporation
P. Q. Box 516
St. Lowis 3, Missouri

" Attn:

THRU:

-Armsment Group
Bureau of Aeronzutics Rep.

McDonuell Aircraft Corp.
St. Louis 3, Missouri

Massachusetts Institute of Technology
Building 23-111
Cembridge 39, Massachusetts |

Attn:
THRU:

Dr. James Mar

Députy District Chief
Boston Ordnance Digtrict

‘Boston Army Base -

Boston 10, Massathusetts

Massachusetts Institute of Technology

Roam 41-219
Cambridge 39, Massachusetis ”

Attn:
THRU:

. Dr. Emmett A. Witmer

Deputy District Chief
Boston Ordnance District
Bogton Army Base

Boston 10, Massachusetts

o

North American Aviation, Inc.
12214 Lakewood Blvd.
Downey, California

Attn:

THRU:

Mr. D. H, Mason
Mr. J. Ward
Engineering Technical File

Air Force Plant Rep., WEAPD

North American Aviation, Inc.

Los Angeles International
Airport

Los Angeles 35, California

Northrop Avlation; Inc,
Hawtherne, Califernia

Attn:

. THRU:

H. X. Welss

Air Foree Plant Rep., WEAPD
Northrop Aviation, Inc. -
Hawthorne, California



.

¥

e

No. of

Copies

DISTRIBUTION LIST

Organization

Republie Aviation Corporation
Farmingdale, Long Island, New York
Attn: Armament Group

Mr. M. Trauring, Plant No. 4

THRU: Air Force Plant Representative
Republic Aviation Corporation
Farmingdale, Long Island, New York

University of Chicago
Institute for Air Weapons Research
Museum of Science and Industry
Chicago 37, Illinois
Attn: Dr, David Saxon

Mr. Herbert Hesse

THRU: Commander
Mid Central Air Procurement District
165 North Canal Street
Chiecago 15, Illinois

University of Pittsburgh

, Pittsburgh, Penngylvania

Attn: Mr. Malin

THRU: Deputy District Chief
Pittsburgh Ordnance District
200 4th Avenue
Pittsburgh 22, Pennsylvania

Office, Asst. Secretary of Defense (R&D)
Committee on Ordnance
Washington 25, D. C.

ARMY-.-OS---ABERDEEN PAOVING GROUND, MD-.



PD- 114 950 |

DEPARTMENT OF THE ARMY /
UNITED STATES ARMY RESEARCH LABORATORY g 3[00 (e
ABERDEEN PROVING GROUND, MARYLAND 21005-5066

REPLY TO
THE ATTENTION OF

AMSRL-CS-I0O-SC (380) 28 July 2000

MEMORANDUM FOR Defense Technical Information Center, ATTN:
DTIC-BCS, 8725 John J. Kingman Road Suite 0944,
Ft. Belvoir, VA 22060-6218

SUBJECT: Distribution Statement for BRL Memorandum Report No.
1019

1. Reference: Ballistic Research Laboratories Memorandum Report
No. 1019, “Air Blast Measurements around Moving Explosive Charges,
Part III”, by B. F. Armendt and J. Sperazza, July 1956.

2. The correct distribution statement for the referenced report
is:

Approved for public release; distribution is unlimited.
3. Request that you mark your copy of the report with this

distribution statement. Our action officer is Mr. Douglas J.
Kingsley, telephone 410-278-6960.

é;% » y
BJAM/N ugo
Team Leader, Sec ty/¢I Office

ARL - A NATIONAL REINVENTION LABORATORY





